Abstract: Improving food safety and hygiene is integral to the successful attainment of the Sustainable Development Goals (SDGs). Foodborne diseases continue to impose a high burden on low-and middle-income countries (LMICs), particularly children under five years, and meeting stipulated conditions for both domestic and export markets can be challenging. This paper reports a situation analysis exploring the challenges faced in the food safety sector in LMICs, using Malawi as an example. The analysis used a desk and policy review, literature search, key informant interviews, and focus group discussions to provide national data, which was then subject to thematic analysis. The analysis established there is a significant threat to public health and market access due to uncoordinated, outdated or incomplete regulatory framework, poorly defined mandates, limited infrastructure, lack of equipment and skilled personnel, inadequate resources, and limited awareness and ability to comply with standards. Food safety and hygiene improvements must strike a balance between market access gains and protection of public health. To achieve this, the sector requires effective integration at national level in food security, nutrition, health, economic development, agriculture, and poverty reduction. Solutions for each country must be context-specific and take into consideration national realities if they are to be successful.
Introduction
The Sustainable Development Goals (SDG) envisage "a world where we reaffirm our commitments regarding the human right to safe drinking water and sanitation and where there is improved hygiene; and where food is sufficient, safe, affordable and nutritious" [1] . However, specific focus in the SDGs has been placed on issues of nutrition, food security and sustainable agriculture, water, sanitation and hygiene, economic development, and poverty reduction, with little to no mention of specific food safety practices.
Historically, the control and reduction of foodborne disease has not been a development priority, despite its integral role in the health and well-being of the world's population. The Foodborne Disease Burden Epidemiology Reference Group (FERG) recently reported that foodborne disease has a health burden equal to, or in excess of, malaria, HIV/AIDS, or tuberculosis, with 98% of the burden falling on Low and Middle Income Countries (LMICs) and children [2] . Within these settings, foodborne disease is also exacerbated by the burden imposed on an understaffed and over-utilized healthcare system, and the associated reduced productivity. These are further compounded by emerging issues such as aflatoxin control and antimicrobial resistance, which are introducing new and complex concerns for human health into the food chain [2] [3] [4] [5] [6] [7] .
In addition to household food safety concerns [8] , we must also consider the implications of poor food hygiene standards on trade and industry through both domestic and international trade participation. The majority of African nations struggle to meet conditions laid down by the World Trade Organization Sanitary and Phytosanitary (SPS) Agreement for export markets [9] [10] [11] , and attempts to support improved food safety and hygiene systems in African nations have been recognized by the African Union (AU) as a priority in the Malabo Declaration on Accelerated Agricultural Growth and Transformation for Shared Prosperity and Improved Livelihoods [12] . However, as with the SDGs, the primary focus has been on support for food security and the improvement of nutrition indicators. Nevertheless, this commitment also includes the establishment of a central African Food Standards body which could support national regulation and reporting. This body has not been established to date, although progress has been made on capacity building and development of an associated continental reference laboratory [13] . Although the issues of nutritional quality and safety of food are inextricably linked, donor-driven responses to stunting and malnutrition has led to much stronger support for the nutrition sector, to the detriment of the food safety sector. This could be addressed if nations developed and affected a multi-sectoral approach, strengthening inter-sectoral collaboration to address current weaknesses and improve coordination mechanisms. Within such resource-limited settings, this approach is essential to achieve maximum impact [2, 10] .
Improving food safety conditions in Africa in both domestic and commercial settings presents numerous challenges due to poorly developed infrastructure and services (e.g., access to clean water), inadequate knowledge and skills in food workers, and a significant lack of data [2, 3, 10] . These insufficiencies are then compounded by outdated, weak and dysfunctional regulatory and laboratory systems [3, 7, 10] . This situation is exemplified in Malawi, where current food safety systems have been described as 'weak', 'fragmented', 'not well coordinated', and 'lacking in capacity' [14, 15] , and although various donor-led projects have attempted to address these issues, to date, no coherent nationwide strategy for food safety control has been developed either in isolation or in integration with other key areas of food security, nutrition, trade and industry, or public health.
Located in Sub-Saharan Africa, Malawi has a population of over 18 million with an agriculture-based economy; 80% of the population are subsistence farmers, with agricultural products forming one third of GDP and 90% of export revenues [16] . Domestically, food constitutes 54% of household expenditure [16] , with maize, cassava, and potatoes forming 60-65% of calorific intake; with food security defined as access to maize, 73% of the population reported low food security [16] , which is compounded by poor diet diversification and subsequent nutrition-related illnesses [17] . Food represents 8% of imports, primarily as low-risk products [18] , and 28% of exports, including tea, sugar, coffee, and nuts to EU (50%) and regional partners. Unfortunately, increasing access to external markets is limited due to poor compliance with international food safety frameworks.
In order to develop a realistic road map for LMICs taking into account national needs, and those of international agencies, a comprehensive situation analysis is needed. Recent reports of food safety situations in African countries have demonstrated overlapping issues in several Sub-Saharan countries, including conflicting mandates, lack of reliable data and a lack of adequate resources [10, 19] . These studies reflected food safety situations in relation to the burden of disease and the policy framework respectively, and have relied on published data and self-reporting from authorities. There have been few objective in depth country studies in Sub-Saharan Africa that have examined food safety in a wider national and regional context, taking into consideration implications for both trade and public health to identify realistic and appropriate recommendations to improve the sector for national development and achievement of the SDGs. This paper presents the complete current food safety situation in Malawi, taking into consideration the WHO guidelines for sector development and the most recent findings from African and global studies, which have considered the potential impact of improved food safety standards in LMICs. The specific objectives of the situation analysis were to
•
Analyse the performance of the national food safety system; • Evaluate institutions/agencies involved in food safety; and • Identify strengths and weaknesses to be addressed in policies and action plans.
As an example of the current situation in LMIC in Sub-Saharan Africa, this paper provides a detailed examination of the general and specific opportunities that can be exploited to improve inter-sectoral collaboration, and support Malawi and other LMICs to address both public health and trade weaknesses, thereby reducing the burden of disease and supporting economic development in-line with the SDGs and the aligned Malawi Growth and Development Strategy III [20].
Materials and Methods
A Situation Analysis was initially conducted in 2014 (full report in supplementary material) and updated in 2017 to assess the key components of the current national food safety system in Malawi in line with WHO/FAO guidelines [21, 22] . The analysis took a holistic approach to data collection, taking into consideration the multidisciplinary nature of food safety and hygiene in Malawi, and the wide range of stakeholders who have a role to play in the sector. Data was sought from an external desk review and key informant interviews.
Desk Review
The external desk review focused on identification and analysis of published and unpublished (verified from reliable sources) data in the form of peer reviewed literature, regulatory documents, grey literature, and published national surveys and reports. These were identified through web-based searches in Google, GoogleScholar, and PubMed using the following keywords: food, food safety, food hygiene, food regulation, food inspection, food contamination, foodborne disease, foodborne disease outbreaks, and food quality. Each was searched in combination with Malawi or Africa separately. Further documents were identified from regulatory libraries and through snowballing and information provided by key informants. All data and information gained from the desk review was ratified by key stakeholders (n = 23) through presentation and feedback during a final workshop to endorse the research findings.
• 
Data Analysis
Data from the desk review was summarised and triangulated with the findings of key informant interviews. Interviews were recorded with digital audio recorders and on paper. All audio files were listened to and compared to notes from the semi-structured questionnaire to ensure that no issues had been lost. This data was then subject to thematic analysis based on the following areas:
• Current characteristics and trends related to food and agricultural production and processing including food imports and exports; 
Results
Thematic analysis of these key areas identified the following current situation:
Current Characteristics of Food Industry in Malawi
Ranking 152nd in the world in terms of GDP per capita [23] , Malawi's economy is heavily based on agriculture. Agriculture contributes 64% of the total income of the rural population, and least 74% of the population lives below the poverty line, earning less than US$1.5 per day. This is reflected in the 83% of households engaged in agriculture, and 73% that are food insecure [16] . As such, food security is the primary concern of the government and population. Food imports constitute approximate 8% of total imports and are primarily low risk products. Food exports make up 28% of all exports and are primarily sugar, coffee, tea, and groundnuts [18] .
There is currently no comprehensive database of commercial food premises in Malawi. However, evidence gathered from main stakeholders estimated over 16,800 premises, including retail premises (66%), eating places (18%), hotels (5%), markets (4%), meat processing (3%), food processing plants (2%), bakeries (1%), and dairies (1%). This does not include the large number of informal food vendors who play a significant role in the food sector, providing a large proportion of day-to-day food to rural and urban households through market settings.
Food Safety Management
Six ministries within the Government of Malawi have oversight of food safety issues (Figure 1) , with 15 directorates within these ministries and further sub-departments within these. Key informants reported limited interdepartmental or inter-ministerial collaboration in terms of food safety despite the overlap in departments and mandates, particularly between the Ministry of Health, Ministry of Agriculture, Irrigation and Water Development, and the Ministry of Industry, Trade and Tourism. As there is no coordinating agency, key informants were confused regarding who has oversight, citing multiple authorities including the Malawi Bureau of Standards, Ministry of Health and Pharmacies, Medicines and Poisons Board.
The lack of consolidated database of food premises at district or national level currently leads to an overlap in enforcement and inconsistent messaging to both the consumers and private sector. Private sector key informants indicated that they are confused and frustrated with support, services, and what they perceive as the poor use of resources.
"There is significant overlap in the activities of Ministries and Agencies which leads to bad feeling between government employees and confusion for the private sector". Consumer Association of Malawi. 
Regulatory Framework
Malawi is subject to both national and international regulatory frameworks, through its membership of the United Nations, African Union, Southern African Development Community (SADC), and Common Market for East and Southern Africa (COMESA), and as a food-producing nation with a responsibility for public health and economic development. Malawi actively participates in the Codex Alimentarius Commission (CAC) through the National Codex Contact Point (NCC) at the Malawi Bureau of Standards (MBS). Despite the National Codex Committee failing to meet since 2009, the standards and recommendations of the CAC are integrated within the standards developed by MBS, and ratified through their specific technical working groups.
From policy to mandatory standards, the regulatory framework is extensive, but is fragmented and lacks harmonization. This was confirmed by all respondents, and ratified by review of current policies and legislation. The lack of an over-arching or integrated policy means that regulation sits within specific ministries in relative isolation ( Table 2 ). This is reflected in the Acts of Parliament and associated Regulations/Standards which have been developed in a responsive manner causing duplication, the enactment of inappropriate product specific Acts, and limited implementation. For example, the Iodisation of Salt Act 1995 was implemented to address the specific need to control salt sales in Malawi and ensure all salt is iodised, which was a reaction to a specific donor-driven health need. However, collaboration can be achieved, as seen through the formation of the National Quality Policy (2014), which has significant crossover with food quality issues, and was developed with sector stakeholders. Domestication of international standards has also been achieved through the formulation and gazetting of MBS mandatory (n = 123) and voluntary (n = 42) standards related to food in the last 15 years, primarily reflecting the CAC standards as outlined above. Nevertheless, key informants felt that, "The development process for standards and regulations must not simply reflect that from other countries but address the specific needs of Malawi as it develops both public health and trade connections". Preventive Health Services, Ministry of Health Several unsuccessful attempts have been made in the last 20 years to produce a Food Safety Act, although a Draft Bill is currently being developed within the Ministry of Health. However, this is being led by the Department of Nutrition rather than the Preventive Health Services Section and may continue to frustrate proponents for interdepartmental collaboration.
Inspection Services
The fragmented regulatory framework directly affects the efficacy and management of enforcement and inspection services. Overall, six Ministries (11 departments) were reported to be conducting food safety inspections, ranging from high risk commercial food premises focused on export, to informal vendors for the local markets ( Table 3 ).
The quality of inspections was found to be affected by four factors.
Under resourcing of food inspectors
Food inspecting officers at District/City level are placed through decentralised offices within the Ministries of Health, and Agriculture, Irrigation and Water Development (e.g., environmental health officers, veterinary assistants). Proportions of inspecting officers at this level ranged in ratio from 1 inspector to 1159 population to 1 inspector to 728,285 population. It was not possible to determine the ratio for commercial food premises due to the lack of a consolidated database. However, this range causes a significant variation in the quality and consistency of service delivery.
Ministries without decentralised offices at District/City level have inspecting officers at specific sites across the country. For example, the Department of Tourism has 34 staff in 12 locations proportionate to the number of premises for which they are responsible, and the Department of Fisheries has staff located at high-risk markets and landing sites. Despite this effort, all ministries are severely understaffed in terms of food safety and hygiene enforcement and support (Table 4) .
Responses from all key informants indicated a lack of essential equipment available for food safety and hygiene inspections. MBS was the most effective, reporting that they had cameras and sampling equipment. However, no respondent indicated use of protective clothing or probe thermometers at the time of interview.
2.
The lack of clear delineation of responsibilities for specific food premises
The lack of clear delineation between ministries and departments currently leads to over inspection of some premises, (e.g., commercial premises who already practice self-regulation to achieve international certification for export), and lack of inspection in premises which are potentially high risk due to their practices, or their target consumers, (e.g., restaurants, school kitchens, boarding schools, hospitals, and prisons).
3.
Lack of consistent and aligned regulatory framework Currently, inspectors use regulations specific to their line Ministry, leading to inconsistent approaches, requirements, and enforcement. The range of enforcement officers, some of whom operate without clear criteria, guidelines, and standards, leads to confusion and overlap of enforcement for food businesses. An example of good practice here is the direct reference within the Hotels and Tourism Regulations to the use of the Malawi Standard 21: Food and Food Processing Units-Code of Hygienic Conditions [24] . This leads to a consistency of standard between the Department of Tourism and the Malawi Bureau of Standards, which is not currently achieved elsewhere.
4.
Lack of guidance and consistency for how and when to conduct inspections
Inspection frequency is at the discretion of the enforcing agency, as Malawi has not instigated a risk-based inspection framework. With deficient human resources outlined above, it would be more effective if inspection frequency were based on risk to health. However, there are a number of issues which may prevent this approach being implemented, e.g., MBS is primarily self-funded through invoicing for four inspections per year. Therefore, changing to a risk-based scheme may have an impact on income to the parastatal organization, affecting its ability to operate.
Similarly, inspection methods currently assess specific standard requirements through a checklist. There was no evidence that agencies use a risk-based method of inspection to assess public health risk from practices they witness, and there is little to no consistency in the checklists used between agencies. Even within District level environmental health departments, of the 89% of districts who responded, there was no consistency in their use of specific codes of practice or checklists for food safety enforcement.
Feedback from the private sector supported these findings, highlighting frustrations with the current inspection and food safety control procedures, citing a lack of 
Laboratories
For food safety and quality, laboratory services are needed for routine surveillance, examination and analysis of samples tied to outbreaks, and commercial testing.
Seven laboratories based in government (Table 2) and academic institutions are able to examine and analyse food samples and provide a range of services including routine surveillance (nutrition, aflatoxins and set standards), examination of samples associated with food poisoning outbreaks, and commercial testing for export. Currently, none of these tests are certified by an external body, and laboratory staff referred to several regular challenges including availability of reagents, maintenance of the cold chain, standardized testing, and the delivery of time sensitive samples with adequate notification and information.
District based key informants outlined a desire to increase their capacity at a local level to analyse samples and reduce their reliance on central based laboratory services, which they feel constrict their ability to improve food safety and hygiene.
"Routine medical examination of food handlers is a good area that is hazy as it requires a lot of effort to address. We tried but failed as the hospital could not provide all the laboratory supplies required for the service". District Environmental Health Officer "District hospital laboratories should have the capacity to test food products or items suspected of being contaminated with a foodborne disease causing agent. Currently the trend is that our laboratories test only human excreta to determine the causative agent". District Environmental Health Officer
Efforts have been made to address these challenges including the consolidation of existing laboratories under the Public Health Institute of Malawi (Figure 1) , and formation of the Laboratory Association of Malawi (LAM). LAM aims to build a network between laboratories to provide a range of externally certified tests and improve sector efficiency within the current limited capacity. The sector is also being supported by the US$12 million Standardization, Quality Assurance, Accreditation and Metrology (SQAM) Infrastructure program [25] . This programme aims to increase exports; increase national revenues; improve protection of consumer rights and consumer safety; improve technical capacity; and strengthen small and medium-sized enterprises (SMEs).
These areas are critical for the promotion of exports in-line with the Government's Economic Recovery Plan and the National Export Strategy [26, 27] .
Both consumers and the private sector indicated a lack of confidence in the in-country laboratory systems in terms of facilities and human resources, preferring to send samples to certified laboratories in other countries in the region such as South Africa and Kenya, despite the higher cost.
Surveillance of Foodborne Disease
Malawi lies between having no formal system, to having syndromic surveillance, where foodborne disease is monitored through health facilities, communities and other data sources, allowing unusual patterns of foodborne disease to be detected. Currently, monitoring of disease in Malawi is the responsibility of District Health Offices who report through the Health Information Management Systems to the Ministry of Health. This data focuses on the Integrated Disease Surveillance and Response (IDSR) program [28] , and therefore includes cholera, bloody diarrhoea, and diarrhoea with dehydration among under fives. However, specific diagnosis is dependent on health seeking behavior, laboratory facilities, and skilled laboratory technicians, which are often unavailable. The IDSR system in Malawi does not currently reflect reporting of food-related incidents of international importance, as required by the updated IDSR Technical Guidelines in 2010 [28] .
Routine surveillance is constrained by underdeveloped infrastructure and services and limited research on the bacteriological [29] [30] [31] [32] [33] and chemical contamination [4, 5, [34] [35] [36] of food, with the majority of Malawi-based data held in grey literature and academic institutions. Significant steps have been made in surveillance of aflatoxins due to their political exposure and significant impact on both trade and health. This momentum has been supported and maintained by the formation of the Malawi Action Program for Aflatoxins (MAPAC) which is a subsidiary of the Pan African group [37, 38] . This group maintains regular meetings, discussions on national controls, and has the support of UN Agencies such as FAO to drive aflatoxin control for both domestic and external consumption. This group has developed an effective multi and inter-sectoral approach to the issue of aflatoxins within Malawi, and although they are dealing with a specific food safety issue in a vertical manner, they provide an example of how inter-sectoral collaboration can be achieved. Nevertheless, continuing issues of foodborne disease and related emerging issues such as antimicrobial resistance (AMR) have received little to no attention in Malawi, an issue which needs to be addressed if an evidence based approach to food safety from farm to fork is to be attained.
Information, Education, and Communication (IEC)
IEC activities examined included extension and advisory services offered by government (Table 2) , industry, trade associations and educational institutions, both in terms of commercial and domestic food production. Currently lack of integration or coordination is leading to unsustained communication programmes that are reactive, top down, and donor-driven. Despite the enactment of the Consumer Protection Act (2003) in Malawi, there has been minimal impact on consumer rights to date. As outlined by the Consumer Association of Malawi, "(In Malawi) there are unsustained education campaigns by different players, the public don't know about food safety issues and they are not aware of their right to complain or where to complain".
In terms of education, three main areas were identified:
Training and competence of enforcement officers
There is currently a lack of consistency in training requirements for enforcement officers. An evaluation of qualifications for all enforcement agencies indicated qualifications from certificates to degrees in a variety of subject areas, with little to no competence-based training, mentoring, or supervision.
Training of food handlers
There is no requirement for formal training of food handlers, and therefore few businesses invest in this education. Training is offered by several public agencies and educational institutions on an ad-hoc basis in the form of one day or one week basic and intermediate food hygiene courses targeting food handlers. However, these opportunities are more likely to be exploited by companies who are already managing self-regulation through international certifications to support export of their products. With no legal requirement for food handler training, high-risk domestic businesses are unlikely to invest in this form of training.
Public awareness and education
Public education is currently achieved through ad-hoc mass media programmes. Donor-driven programmes and school curricula focus on food production and nutrition with little emphasis on hygiene practices to complement these. More recently, there have been specific research programmes seeking to improve food hygiene, particularly in relation to weaning foods [39] in recognition of the potential impact on diarrhoeal disease reduction. However, it will take time to realize any related change in national policy, programming, or practice.
Discussion
Foodborne disease is responsible for an estimated 420, 000 deaths per year, the burden of which lies with under five children (40%) primarily in Africa and Asia [40] . As such, food safety is an issue which should be given equal emphasis with food security and nutrition. Despite this, food safety and hygiene are more inferred than explicit in the SDGs related to health and wellbeing, reducing hunger (through provision of safe, nutritious, and sufficient food), and economic development. As a cross cutting area, food safety is relevant across a wide range of sectors and across borders, including agriculture, trade, tourism, and public health. This makes consistency of management, regulation, and support a challenge to achieve, particularly in LMIC in areas such as Sub-Saharan Africa. Not only must existing food safety concerns be addressed, but the sector must also consider the complexity of the informal market which constitutes up to 80% of domestic food sales and the management of emerging challenges, such as aflatoxins and antimicrobial resistance, which cross the plant-animal-human interface and require an interdisciplinary 'one health' approach [10, 41] . Studies exploring the use of market incentives to leverage food safety in developing countries have shown improvements in the case of high value products for export, including spillover effects to local communities, such as improved income and health standards [42] . This is also evident in Malawi, with the production and export of macadamia nuts, tea, coffee, and groundnuts all leading to improved hygiene standards from farm to fork. However, these have been primarily driven through co-regulation and self-regulation processes to leverage access to markets and do not reflect a similar improvement in production for the domestic market.
Improving food safety and hygiene at a national level can have widespread impact on a population, from reducing diarrhoeal disease [43] to increasing economic growth. However, achieving this through poorly resourced settings needs effective structures, planning, and political will. The study of Malawi is informed by a wide range of stakeholders from all levels in the food safety sector, providing a holistic overview of its current strengths and weaknesses. There was consensus in all areas, irrespective of the KIs attachment to the public, private, developmental, or consumer sectors, and the subsequent workshop ensured that all results and recommendations were ratified by these groups. The situation analysis was limited by the small number of interviews with both consumer and private sector, the lack of comprehensive national data for foodborne disease, and commercial food premises. Nevertheless, this paper provides detailed outlines of the barriers to an effective food safety and hygiene system, which are needed if realistic and appropriate solutions are to be proposed. Overall, the analysis identified that to support the household, domestic or international markets would require significant progress and support focused on three key areas.
A Framework for Food Safety Management
Food safety is a complex area, forming a nexus with several other sectors, including water, energy, trade, agriculture, nutrition, and health. As such, these sectors share responsibility and require effective coordination. The current lack of coordination and alignment in the management of the food safety sector between nine ministries in Malawi has led to significant discord and appears to be skewed towards food sufficiency (in terms of nutrition and security) with little integration of food safety. Similarly, the WHO (2007) reported a lack of coordination as a significant concern in 43 African countries, where they had between one (Angola, Cameroon, Ethiopia, Guinea, Madagascar, Senegal, Togo) and eight (Tanzania) agencies responsible for enforcement [44] . Despite the developing nature of these countries, Mylona et al. (2018) also reported similar concerns in the European Union, where there was less emphasis on social, environmental, and economic determinants of food safety and more focus on sufficient and innovative food supply [6] . In order to address this weakness, there needs to be a holistic approach to food systems, which allows stakeholders to find a balance between the three equally important aspects, food safety, nutrition, and security, all of which impact on market access. The current overlapping mandates in Malawi have caused confusion and subsequent apathy and frustration for both consumers and the private sector. This affects the safety of food being consumed and Malawi's ability to develop and extend its exports [11] .
There is a consensus that food safety is best managed by a 'farm to fork' approach that ensures control along the value chain based on a risk paradigm. However, it is very difficult to achieve this if there is no clear line of oversight or collaboration within Government, an issue also identified in other Sub-Saharan countries [3] . Only with clear ownership and support can appropriate interventions and systems specific to food safety be effectively implemented and maintained across the country. Restructuring to create a single unified body or an integrated system is likely to be most effective and in line with SADC guidelines [45] . However unless given the appropriate political will and support, and long term planning with relevant stakeholders, this could lead to further confusion. The intention of such a body would not be to 'take over' the system but rather to coordinate roles and align activities to appropriate government departments through a single National Food Policy. Such a body would have to be multisectoral and objective in its oversight and mandate, ensuring consistency of approach, improved services, and effective education programs. The use of a central body to establish a national database would also ensure a clear delineation of roles and responsibilities and increase transparency. This would also lead to effective use of resources, through reduced duplication of effort, better communication, and, in the long-term, increased confidence and support from both the consumer and private sectors. It is apparent there is not an effective model for this in LMICs to date [3] , and any process and development must be cognisant of the specific context in which it is being established and realistic in its objectives [10] . These results also show that with the low priority afforded to food safety at present, a central body may not be a realistic achievement in the first instance, and planning may require an interim coordination phase which supports existing systems while transitioning to a national enabling environment.
The lack of overarching policy relating to food safety also affects the direction and consolidation needed for an effective framework. An attempt to address these gaps in both policy and regulation has been made by the WHO (Guidelines for Developing and Strategic Plan (2012)), Food Safety and Nutrition Food Law Guidelines (n.d.), and SADC (Regional Guidelines for the Regulation of Food Safety in SADC member states (2011)) [22, [45] [46] [47] . However, in the case of Malawi, the lack of specific food policy (but seven related policies) and 13 Acts of Parliament specific to food make their consolidation and streamlining complex and politically challenging. Again, this situation is equally reflected in other African countries, which have a wide range of regulatory systems and frameworks across the continent, with the number of food laws reported for each country varying between one (Angola, Central African Republic, Comoros, Republic of Congo, Democratic Republic of Congo, Cote D'Ivoire, Guinea, Guinea Bissau, Seychelles, and Togo) and 25 (Kenya), and many of those reported specifically focused on horticulture [44] . In Malawi, Acts of Parliament were also found to be product-specific (e.g., Iodisation of Salt Act), reflecting both the lack of overarching food safety legislation and the impact of donor-driven agendas on national mandates.
The situation analysis presented here forms the basis for the review of the current regulatory framework and provides evidence that several actions are needed through wide stakeholder consultation. The first step is the development of a specific national Food Safety Policy and Strategy to be embedded within the National Health Policy. These documents must lay down a detailed plan for the review and consolidation of current regulations, as well as provide clarity and long term planning for subsequent collaboration and consistency between managing agencies. Integration with existing policies and programmes will be fundamental to successful implementation, and planned activities therein must also be realistic and supported with funding to ensure they can be positively realised. Any revision of the food safety framework must ensure integration with policies related to vulnerable and marginalised groups, for example, nutrition, HIV/AIDS, sanitation, and hygiene. The formation of a strong regulatory framework through a supportive policy environment is a key component for Malawi and other low-income countries to address if they are to meet the needs of both the domestic and international markets. However, such a framework must not be maintained at central level in isolation but disseminated and put into action through appropriate local government mechanisms.
Achieving Compliance
The regulatory framework is needed to support the development and maintenance of standard systems. However these systems must be cognisant of the limited infrastructure, human resource and skills base available in LMIC to achieve this. As such, to move the sector forward, a risk-based paradigm must be embedded on three levels; (1) identify the high risk areas which are contributing to foodborne disease for the focus of control, (2) to determine the frequency of inspection/visits based on risk to health, and (3) to underpin the method of inspection with risk-based assessments, allowing space for both proactive and reactive enforcement and education [42] .
Identification of priority areas for targeting resources may be based on two prerequisites. Firstly, in the commercial sector, an emphasis for support may be placed on leveraging market incentives to promote economic growth. However this cannot outweigh the estimation of burden of disease from specific sectors. The lack of an effective surveillance system in Malawi means it is difficult to determine the potential for disease from the commercial sector. However, we must also consider the significant role played by the informal sector on the burden of disease. Any pathway to reducing the burden of foodborne disease must recognise the role of household food preparation and consumption in this setting. As 93% of the rural population engage in and are primarily dependent on farming, day-to-day foods are either grown or purchased in small quantities from local markets and informal traders [48] . These areas are largely neglected in current food safety programmes, where the most vulnerable members of the population, including under fives, bear 40% of the foodborne-disease burden [2] . Recent outbreaks of cholera across Malawi and neighbouring countries have reinforced this need to address the informal market to control the spread of communicable diseases through poor food hygiene practices [49, 50] . Further research is needed to understand the national burden of disease associated with food in Malawi and to evaluate the quality and safety of foods being consumed, if resources are to be effectively used to target high-risk areas. Nevertheless, in the first instance, the WHO (2015) Estimates of the Global Burden of Foodborne Diseases is a detailed reference point for prioritisation [40] .
Secondly, national priorities should be supported with a framework of inspection and regulation. It is recognised that globally, food safety and hygiene promotion are no longer focused on regulation alone but combine these efforts with co-regulation and the implementation of proactive preventive systems. In the EU, there has been a shift in governance to co-and self-regulation driven by consumers and markets [51] . However, achieving this level of governance in LMICs, outside the high-value product export market, still needs significant development in terms of accepted standards, and consumer expectations. The ability to undertake inspections is limited by a number of factors including personnel (both quantity and competence), and facilities (inspection equipment and laboratories). Using a risk-based system for informing inspection frequency can assist with prioritising work and placing a focus on those high-risk premises which pose a more significant risk to health. Such a system linked with a central database would allow regulation to be clearly delineated between enforcement agencies and staggered for inspection based on risk thereby helping with challenges in human resource availability.
In addition to resolving inspection intervals, the quality of regulatory services is also integral to improving compliance. Current inspections are based on checklist systems to determine compliance with specific items outlined in the appropriate regulations for each responsible agency. Although valuable as an aide memoire, current checklists in Malawi are focused on a "walls, floors, and ceilings" approach to inspection, measuring the presence or absence of tangible items. This form of inspection is limiting as it requires compliance with specific standards, which may be appropriate for a commercial fully equipped premises but cannot be similarly applied to an informal or street trader. High-income countries have moved toward a focus on risks rather than rules in the last decade, measuring both inherent food safety risks and those posed by management and controls. However, this relies on qualitative assessment in the food sector, and has a critical reliance on the skill and experience of inspecting officers to make subjective judgements [52] . With this in mind, and based on the limited skills and personnel available in Malawi and similar countries, a hybrid of the traditional checklist and risk evaluation would seem the most appropriate way forward to achieve compliance. This must take the opportunity to learn from others, and maintain a context appropriate system which can support improved food safety across the sector.
From an external market access perspective, capacity also needs to be developed within national standards organisations. Although approved as voluntary standards in Malawi, ISO food-related standards can only be officially audited and certified from external bodies (e.g., South African Bureau of Standards) at high cost to the exporting company. Increasing this capacity in-country would improve opportunities for smaller businesses to comply with international standards for export and increase prospects for economic development in this sector.
Improvements in enforcement and surveillance need the appropriate support services including laboratory testing. Across Africa, there are a range of public health laboratories which should be able to support food safety services. However, evaluations of these laboratories, including those in Malawi, have shown substandard performance for the isolation of enteric diseases [53, 54] . This limitation has been recognised by the AU through their proposal to develop a network of reference laboratories across the continent providing quality assured services, although this system is not yet in place [9] . As a country, Malawi has recognised the limitations of the current laboratory services and has made significant efforts through capacity-building in the Public Health Laboratory and Laboratory Association of Malawi to address these. These laboratories are also integral in the improvement of foodborne disease surveillance and the identification and management of outbreaks within the country. However, there remain substantial challenges to providing a quality assured, independent and certified laboratory service for food safety in the country, and prioritisation should be given to systems which can support both market access and public health controls. This could include the use of rapid tests at a local level to determine real time risk, reduce the burden on laboratories, and provide both evidence and support for improved food hygiene standards. For example, the use of ATP systems to measure cleaning efficiency or monitor compliance could be an innovative way to support educational and compliance systems [55, 56] .
Building Capacity
Underpinning the attainment of food safety and hygiene in LMICs is the need for capacity and competence across the sector, from the general public to enforcement officers and business owners. A number of capacity-building programmes have been launched in the last 10 years, with a focus on improving food safety to build market access [41, 57] . In Malawi, this has been reflected through the numerous programs which have supported specific small to medium enterprises to develop food safety systems and therefore increase their opportunities for export. Although providing support and success for the beneficiaries, it is clear that this support has not helped to build national capacity to address food safety concerns.
Capacity in the food safety context addresses several sectors and cadres making this a complex issue that needs to be tackled on different levels. In the first instance, consumer awareness is key in driving improvement in food safety systems. Studies have shown that consumer knowledge of food safety across Africa is lower than Asia and may be associated with lower income [58] . However, targeted studies in Benin, Tanzania, and Kenya have shown that consumers have an awareness of potential health risks from agri-based foods in local markets and, in some cases, have demonstrated a willingness to pay more for safer products [59] [60] [61] [62] [63] . These studies demonstrate that with the correct consumer advice and awareness there can be a consumer based drive to improved food safety standards from both informal and formal markets. Nevertheless, this is challenging in low-income settings such as Malawi, where food security receives a much higher priority at household level than food safety. Consumer awareness may come from a number of different sources, and a focus on mass media is a natural consideration when such a wide audience needs to be reached. Such campaigns need to be context-specific and take into consideration consumer buying power, producer behaviour, and effective behaviour communication, which targets appropriate responses in the consumer [61] . Food producers, whether farmers producing primary products or informal and formal food retail and preparation businesses, also need to be appropriately trained and educated on safe food hygiene practices. Again, these need to be context-specific, contribute to knowledge and provide clear and realistic mechanisms by which food safety can be achieved in a low income setting. A more practical, competence-based approach to training is more likely to have an impact on practice than classroom-based knowledge transfer [64] . Such courses and support can be provided through different suppliers such as inspecting officers, educational establishments, non-governmental organisations, and private training companies. However, they should all be monitored and supervised by a central body to ensure consistency and quality of training provided. This may require the development of country specific training toolkits by central organisations, which address the prioritised high-risk areas. These toolkits can then be made available to relevant stakeholders, with associated training of trainers to ensure consistency of approach and trainer competence. This approach moves away from the previously funded support to individual companies from external bodies and emphasises building internal capacity to support and develop national food safety programmes which can make a sustained impact on the sector.
As outlined within issues of compliance, capacity building is also integral for the implementing agencies. Regulatory staff need to be appropriately qualified [45] and also receive competence-based training and evaluations to ensure that they can implement a risk based and proactive form of enforcement, and move away from the checklist form of inspection which lacks support and development.
Conclusions
Attainment of effective food safety systems in LMICs is inextricably linked to the SDGs and must be embedded in food security, nutrition, disease prevention, water, sanitation and hygiene, economic development, and poverty reduction programs at a national and regional level. However, this is currently hindered by limited communication and integration at both policy and practice levels. Barriers to success can appear insurmountable due to overlapping mandates, lack of clear policy and regulation frameworks, conflicting priorities, and lack of capacity. As outlined in the WHO's Global Analysis and Assessment of Sanitation and Drinking Water, "there remains a discrepancy between global aspirations and national realities" in terms of the SDGs (p. ix). As such, solutions to the food safety and hygiene situation should be cognizant of the local context and risk-based paradigm.
A comprehensive situation analysis such as this can inform the development of a realistic road map for LMICs taking into account national needs and those of international agencies. An inclusive road map can also provide guidance for potential supporting agencies to ensure that the sector is driven as a cross-cutting issue with strong foundations rather than an ad-hoc donor-driven approach which does not support long term development and sustainability. For example, as Malawi currently prioritizes the control of aflatoxins, nutrition, and food security, these findings can ensure that there is not a vertical response to each single concern but rather a concerted and embedded effort to integrate solutions across sectors. Such a holistic approach can ensure the sustainability and efficacy of future interventions. The generation of political will is also imperative, and despite its greater influence, market investments cannot be the primary focus, as they cannot be relied upon to achieve food safety and hygiene in the domestic setting. A balance must be struck between the gains from market access and the need to protect public health.
Despite increasing evidence that foodborne disease has a significant role to play in LMIC disease burden, further research that allows evidence-based decisions and policy development to be made is imperative. Such research should focus on both the current gaps and emerging issues in the sector, including understanding the role of food safety in value chain development, efficacy of training and mentoring systems on practice and regulation, testing of context appropriate food safety management and inspection systems, identification of effective methods to improve food safety behaviors in domestic settings, effective management of aflatoxins, and the role of food in the development and transmission of antimicrobial resistance.
Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/10/7/2394/ s1. The full situation analysis report is available at https://pure.strath.ac.uk/portal/en/publications/situationanalysis-of-food-safety-in-malawi(63982c27-acfb-4fe3-9bdf-50dd625698ca).html. 
